Neurotrophic action of interleukin 3 and granulocyte-macrophage colony-stimulating factor on murine sympathetic neurons.
We investigated neurotrophic effects of interleukin 3 (IL-3) and granulocyte-macrophage colony-stimulating factor (GM-CSF) on cultured sympathetic neurons obtained from mouse superior cervical ganglia. After 1 day of culture with physiological concentrations of mouse recombinant IL-3 and GM-CSF, the numbers of process-bearing neurons were increased. Maximum responses were elicited by 10 U/ml IL-3 and 1 U/ml GM-CSF, which were equivalent to the action of a submaximal dose (5 ng/ml) of nerve growth factor (NGF). The effects of IL-3 and GM-CSF were completely blocked by their corresponding antibodies, but not by anti-NGF, indicting their action is specific and completely independent of NGF. IL-3 and, to a lesser extent, GM-CSF were also able to protect NGF-differentiated neurons from apoptotic cell death caused by NGF withdrawal. The mitogen-activated protein (MAP) kinase signal transduction pathway is known to be involved in action of IL-3 and GM-CSF on hemopoietic cells, and thus we examined the participation of this pathway in the neurotrophic activities of IL-3 and GM-CSF. IL-3 and GM-CSF stimulation of the differentiated neurons was found to result in a rapid elevation of MAP kinase activity, and PD98059, an inhibitor of MAP kinase kinase activity, blocked both the neuritogenic and neuroprotective effects of IL-3 and GM-CSF. Immunocytochemical studies showed that IL-3 and GM-CSF receptors were present on the differentiated neurons. Thus, IL-3 and GM-CSF appear to be able to stimulate sympathetic nerve growth, via specific cytokine receptors on neurons, which lead to activation of the MAP kinase pathway that then mediates the observed neurotrophic effects.